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@ Heat-driven pump. 



® An Inlet pipe 1 leads through a check valve 2 
and a charging pipe 3 into a vapour-liquid exchange 
chamber 6 which communicates with a cavity 5 
whose cross-section decreases away from the cham- 
ber 6. Heat applied at 13 to the conductive block 4 
In which the cavity 5 is formed causes, generation of 
a bubble 20 which expands towards the chamber 6. 
Thus liquid is expelled through discharge pipe 7, 
check valve 8 and outlet 9. On reaching the end of 
the cavity the bubble begins to cool and contract, 
drawing in cold liquid from inlet 1 which causes 
condensation of the bubble. 
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HEAT-DRIVEN PUMP 



BACKGROUND- OF THE INVENTION 
I. Retd of the Invention 

The present invention relates to a heat-driven 
pump. The heat-driven punnp of the present inven- 
tion can be used for a pump for a room heater in a 
house or a building. Further, the heat-driven pump 
of the present invention can be used as a pump 
which utilizes a high temperature waste of heat di- 
scharged from a factory or a plant Furthermore, 
the heat-driven pump of the present invention can 
be used in a remote part of the country where it is 
difficult to supply electric power. 



2. Description of the Related Arts 

Known In the art is a heat-driven pump in 
which the pumping action is caused by an altemate 
vaporization and condensation of liquid, and in 
which an external power device such as a motor or 
compressor Is not required (e.g. "Heat-Driven 
Pump". Soda and Chlorine Magazine, 1983, No. 2, 
pp 64-77). 

However, this heat-driven pump has an unsatis- 
factory performance upon starting or if an Insuffi- 
cient amount of heat per hour Is available, which is 
usually caused by the use of a long copper pipe 
for the heating portion. This is because, in order to 
generate a vapor bubble from the surface of the 
wall of tiie pipe and expand the vapor bubble 
toward the center of the pipe, it is necessary to 
raise the temperature of the liquid, even the tem- 
perature of the central portion of the liquid, close to 
the saturation temperature of the liquid. Accord- 
ingly, a temperature of a discharged liquid is raised 
to an approximate saturation point and heats a pipe 
close to the exit of the heating portion after tiie 
pump has been in operation for sometime. In par- 
ticular, when an houHy heat amount Is low. the 
liquid temperature to the approximate Saturation 
point cannot be quickly elevated, and therefore, 
because of an accompanying thermal conductivity 
effect from the heating portion piping, a tempera- 
ture of the pipe nearest the exit of tiie heating 
portion is raised to about the liquid saturation tem- 
perature, but a vapor bubble generated at the heat- 
ing portion prevents a cooling of the exit side 
piping. Thus, the vapor bubble is not properiy 
condensed, and finally, the pumping action is 
brought to a halt Furtiier, a heat-drivea pump of 
this type has a low pumping efficiencyi because 
although a large portion of an energy is applied to 



the pump to heat the liquid, only a small portion of 
this energy can be used to create a pumping 
action. Further, it is required tiiat ttie heat-driven 
pump should include two heating pipes, and the 
5 heat-driven pump should be Installed on a horizon- 
tal plane. 

Japanese Unexamined Patent Publication 
(Kokai) No. 61-31679 discloses a heat-driven pump 
wherein the problems described above are alie- 

tS viated. Namely, In tiie disclosed heat-driven pump, 
a heating portion is shaped to facilitate the genera- 
tion of vapor bubbles, and is thermally isolated 
from other portions of the pump. This arrangement 
expedites the generation of vapor bubbles, and 

76 therefore, a liquid flow rate is increased and the 
temperature of the discharged liquid is lowered, 
and thus a temperature of tfie outlet side piping is 
also lowered. Further, according to the disclosure, 
bubbles are easily and frequentiy developed and 

20 condensed, ensuring an increased flow rate and a 
reduced temperature, and tiius a preferable cycle 
of functions by which the heat-driven pump 
achieves a smooth operation by a small or a large 
amount of heat is realized. 

25' However, even in the above mentioned heat- 
driven pump, a vapor bubble is expanded Into an 
outlet piping to exert a high pressure load on tiie 
external portion, and when ttie heat quantity of the 
heating Is small, a bubble is expanded only slowly 

30 into the piping, thus heating the piping and pre- 
venting the bubble from being condensed. Further, 
since the pump provides an Intake portion for 
bringing the expanded bubble into the condensa- 
tion process by means of the capillary action, there 

55 remain problems in dealing with the needs for a 
heat-driven pump for a large flow rate. 



SUMMARY OF THE INVENTION 

40 

An object of the present invention is to provide 
a heat-driven pump having an improved efficiency. 
Another object of the present invention is to pro- 
vide a heat-driven pump capable of stable opera- 

45 tion under an external pressure load, by a small or ' 
a large amount of heat. Yet another object of the 
present invention is to provide a heat-driven pump 
having a relatively simple structure and able to 
meet a large flow demand. 

50 In accordance with the present invention, there 

is provided a heat-driven pump for transporting a 
liquid by the function of bubbles produced by 
vaporization and condensation of the liquid under 
heating, in which the pump comprises, in the fol- 
lowing sequence: an inlet pipe; an inlet-side check 
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valve; a charging pipe; a bubble forming portion; a 
discharge pipe; and an outlet pipe. The bubble 
fornning portion comprising a heating portion for 
receiving heat supplied from outside; a liquid cavity 
formed in the heating portion and having a cross- 
section which is reduced along the longitudinal axis 
of the heating portion: and a vapor-liquid exchange 
chamber communicated with the liquid cavity and 
having a volume greater than the volume of a 
bubble extruded from the liquid cavity; in which a 
bubble is generated and expanded in the liquid 
cavity by heat received by the heating portion, the 
discharge of liquid Is carried out by the expansion 
of the bubble, the introduction of fresh liquid into 
the liquid cavity is earned out by extrusion of the 
expanded bubble into the vapor-liquid exchange 
chamber, and the elimination of the bubble is car- 
ried out by cooling the heating portion by the 
introduction of the fresh liquid* whereby a succes- 
sive pumping of the liquid is earned out. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure I shows a heat-driven pump accord- 
ing to an embodiment of the present invention; 

Rg. 2 Is a cross-sectional detailed view of 
the structure of the main portion of the device 
shown In Rg. 1; 

Rg. 3 is a cross-sectional view of the liquid 
cavity of the device shown in Rg. I; 

Rgs. 4 through 9 show the states from the 
generation of a bubble in the liquid cavity to the 
elimination of the bubble. 

Rgs. 10 and II cross-sectional views showing 
variations of the liquid cavity; 

Rgs. 12 and 13 are perspective views show- 
ing variations of the liquid cavity exit opening; 

Fig. 14 is a cross-sectional view showing a 
variation of the heat-driven pump; 

Rg. 15 is a cross-sectional view showing a 
main portion of the device shown in Rg. 14; 

Fig. 16 is a cross-sectional view showing 
another variation of the heat-driven pump; 

Rg. 17 is a perspective view of the con- 
densation pipe in the device shown in Fig.* 16; and. 

Fig. 18 is a cross-sectional view showing yet 
another variation of the heat-driven pump. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure I shows an embodiment of the present 
invention, in which a heating portion 4 includes a 
cone-shaped liquid cavity 5 having a cross-section 
which is reduced along the longitudinal axis of the 
heating portion 4, and an opening portion con- 



nected to a vapor-liquid exchange chamber 6. The 
liquid cavity 5 is parallel to the horizontal plane in 
Fig. I but may be substantially perpendicular to or 
aslant the horizontal plane. A charging pipe 3 into 

5 which a liquid 10 flows is provided with an inlet-side 
check valve 2, and a discharging pipe 7 from which 
the liquid 10 flows is provided with an outlet-side 
check valve 8; both pipes 3 and 7 being connected 
to the vapor-liquid exchange chamber 6, and fur- 

70 ther, both check valves permitting a liquid flow in 
only one direction. The liquid 10 is drawn from the 
resen/oir 11 into the pump through an inlet pipe I. 
and after heating, the liquid 10 is discharged from 
. the pump through an outlet pipe 9. The arrows 13 

75 show the positions at which heat is applied from 
outside. 

Rgure 2 shows a detailed structure of the main 
portion of the pump shown in Rg. I. The heating 
portion 4 is made of copper, which uniformly and 

20 effectively conducts the heat applied from outside 
to the cone-shaped liquid cavity 5. The vapor-liquid 
exchange chamber 6 is made of glass so that the 
heat from the heating portion Is not conducted to 
the liquid 10 Inside the vapor-liquid exchange 

25 chamber 6 through the walls thereof. A 'ring 6a 
made of Kovar alloy, which has a thermal expan- 
sion coefficient similar to glass, is fuse-welded at 
one side thereof to the glass wall of the vapor- 
iiquld exchange chamber 6. and at the other side, 

30 is soldered to the copper wall of the heating portion 
4. Therefore, the ring 6a absorbs the difference in 
thermal expansion between copper and glass, and 
thus stress due to the difference in the thermal 
expansion coefficient does not occur in the glass 

35 wall of the vapor-liquid exchange chamber 6. Fur- 
ther, the thermal conductivity of the Kovar alloy of 
tiie ring 6a is very much lower than that of copper, 
preventing a conduction of the heat from the heat- 
ing portion to the liquid 10 and the vapor-liquid 

40 exchange chamber 6, which are botii in contact 
with the ring 6a, and thus preventing an undue 
increase in the temperature of the vapor-llquid ex- 
change chamber 6. 

The inlet pipe 3. the outiet pipe 7, and the 

45 vapor-liquid exchange chamber 6 are formed as 
one unit, and the inlet-side check valve 2 and the 
outiet-side check valve 8 are provided at the ends 
of the inlet pipe 3 and outlet pipe 7 respectively, in 
such a manner that the liquid flow is allowed in 

so only one direction. The check valves 2 and 8 are 
. flap type valves having a high pressure sensitivity. 
The operation of the pump shown in Fig. I is 
now described with reference to Figs. 3 through 9. 
Figure 3 is a enlarged cross-sectional view of the 

55 liquid cavity 5. 
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The Isothermal fines Ti -T4 shown In Rg. 3 
indicate the thenmaJ distribution of the liquid when 
the heating portion 4 is subjected to the heat from 
outside and the temperature of the liquid in the 
liquid cavity 5 Is rising, and vapor bubbles are not 5 
produced. Toindicates the temperature Inside the 
vapor-Dquid exchange chamber 6. and Ts is the 
temperature of entire heating portion 4, which is 
higher than the saturation temperature of the liquid. * 

Since the heating portion 4 is made of a ma- 10 
terial having a good thermal conductivity, such as 
copper, the temperature Ts Inside the heating por- 
tion 4 Is considered uniform. The heat is transmit- 
ted to the liquid by thenmal conductivity from the 
surface of tiie heating portion 4 in contact with the 75 
liquid. Since the themial conductivity of that sur- 
face is very low. a sharp thennal gradient exists. 
Further, the thermal conduction to the inside of 
liquid is at a corresponding thermal gradient be- 
cause of the low thermal conductivity of tiie liquid. 20 
At this time, the heat is conducted perpendlculariy 
from the wall surface of the liquid cavity 5, and 
thus a thermal disfrlbution which is reduced along 
the perpendicular distance "a" from the wall sur- 
fece may be assumed. 25 

When the above concept is applied to the wall 
surface of the liquid cavity 5, the isotiiermal line 
having the lowest temperature will cross at a point 
fartiiest from the tip of the liquid cavity. However, 
the isothemnal line does not cross at tiiis point, but 30 
crosses witii a curvature corresponding to the wall 
surface, as shown in Rg. 3. This shows the tem- 
perature of the liquid becomes higher close to the 
tip portion of the liquid cavity ttian at any other 
portion. In otiier words, since tiie liquid inside tiie 35 
liquid cavity 5 Is heated evenly by tiie surrounding 
wall surface, the temperature at the tip portion 
having a short radius should be higher than at any 
other portion. 

Accordingly. If the isothermal line T4 shows the 40 
saturation temperature of the liquid, a vapor bubble 
can be always produced at the wall surface beyond 
the T^ line. When the heat is fransmitted from the 
wall surface to the liquid, some of the heat may be 
circulated by convection, but in this case, tiie time 45 
period from when the cavity is filled with liquid to 
the generation of a bubble at tiie tip portion is too 
short to allow any considerable effect of convec- 
tion. 

Rgure 4 is a enlarged schematic view of the tip so 
portion of tiie liquid cavity, showing a small bubble 
20a generated with the wall surface as the origin of 
the bubble generation. The temperature of the liq- 
uid around the bubble is higher than the saturation 
temperature, and tiius the sun-ounding liquid is 55 
vaporized and drawn into tiie bubble, causing the 
bubble to grow. 



As shown in Rg. 5, the bubble 20 continues to 
grow, and the border surface 22 t)etween the vapor 
and the liquid separates the vapor and the liquid. 
The arrows 21 show the entry of the vaporized 
liquid into tiie bubble. Due to this vaporization, the 
bubble continues to grow, and tiie border surface 
22 between the liquid and the vapor moves to the 
left in Rg. 5, against the external pressure of the 
liquid. 

In Rg. 6, the bubble continues to grow, and the 
area of the border surface 22 between the vapor 
and the liquid correspondingly expands, and ac- 
cordingly, tiie portion of the liquid having a tem- 
perature higher than T4 and adjacent to the border 
surface 22 between the vapor and the liquid is 
expanded and forms a thin layer which is cooled 
by the cooler portion of the liquid located at the left 
in Rg. 6, below the saturation point, and thus the 
entry of vapor tiirough tiie border surface 22 be- 
tween tiie vapor and tiie liquid is almost eliminated. 
Instead, a thin layer 24 of the liquid having a 
wedge-shaped cross-section, which is easily vapor- 
ized to cause expansion of the bubble, is formed 
when the border surface 22 between tiie vapor and 
the liquid moves to the left in Rg. 6 toward the 
mouth of the cavity 5 and is kept in contact with 
the wall surface 23 of tiie liquid cavity by the 
viscosity of the liquid and the frictional resistance 
of the wall surface 23. The layer 24 is very thin and 
is quickly vaporized by the heat from the wall 
surface 23, thus maintaining the expansion of the 
bubble. 

As shown in Rg. 7, when the border surface 22 
of the bubble reaches the mouth 25 of the liquid 
cavity 5. the ends of the vapor-liquid border sur- 
face in contact with the wall surface move from the 
wall face of the heating portion 4 to the wall surface 
of tiie vapor-Iiquld exchange chamber 6 and then 
stop at that position, causing the wall surface 22 to 
suddenly expand. The thin layer 24, which Is fol- 
lowing tiie border surface 22 between the vapor 
and the liquid, is vaporized and the bubble contin- 
ues to grow, and thus the curved vapor-liquid bor- 
der surface 26 exfruding Into the vapor-liquid ex- 
change chamber 6 is formed. Since the vapor- 
liquid exchange chamber 6 has a volume greater 
tiian the volume of the extiuded bubble, the ex- 
truded vapor-liquid border surface 26 does not 
come into contact with the opposite wall surface of 
the vapor-Iiquld exchange chamber 6. The tiiin 
layer 24 is then eliminated, and because the wall 
surface of the vapor-liquid exchange chamber 6 is 
made from a material having a poor thermal con- 
ductivity, new vaporization does not occur and tiie 
bubble growth is halted. 



4 
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Thus, liquid having a volume equivalent to the 
volume of the bubble Is discharged from the liquid 
cavity 5 to the vapor-liquld exchange chamber 6, 
and mixed with the liquid therein, thereby raising 
the temperature of that liquid. Accordingly, the 
same volume of liquid is discharged from the 
vapor-llquid exchange chamber 6 to the outside 
through the discharging pipe 7 and the outlet pipe 
9. via the outlet-side check valve 8. The inlet-side 
check valve 2 is closed by the increased pressure 
from the vapor-liquid exchange chamber caused by 
the production of the bubble. 

Figure 8 shows the state in which the upper 
portion 27 of the extruded part of the bubble is 
moved upward by the bouyancy thereof, and is 
replaced by fresh, cold liquid 28 flowing from the 
vapor-llquid exchange chamber 6 to the liquid cav- 
ity 5. The inflow of this cold liquid to the liquid 
cavity 5 from the vapor-liquid exchange chamber 6 
cools the heating portion 4 and the vapor in the 
bubble is condensed at the vapor-liquid border 
surface 22. contracting the bubble. 

As shown in Rg. 9, because of the negative 
pressure within the vapor-liquid exchange chamber 
8 caused by the contraction of the bubble, the 
outlet-side check valve 8 is closed and the inlet- 
side check valve 2 opened, and thus fresh, cold 
liquid 10 is introduced from the reservoir 11 to the 
vapor-liquid exchange chamber 6 through the inlet 
pipe I and charging pipe 3 via the inlet-side check 
valve 2. The contraction process is quickly com- 
pleted, eliminating the bubble, and fresh cold liquid 
having the same volume as the volume of the 
bubble flows into and cools the vapor-liquid ex- 
change chamber 6. The pump is then completely 
filled by the liquid, and the operation returns to the 
initial state. The pump then ceases operation until 
the liquid in the tip portion of the liquid cavity in the 
heating portion is heated to the saturation point. As 
previously described, the heat-driven pump canies 
out an intermittent operation. 

In the heat-driven pump shown In Rg. I. a 
small quantity of the liquid in the tip of the liquid 
cavity 5 is heated faster than the liquid in the other 
portions, and the bubble is produced when the 
temperature of the small quantity of liquid rises 
beyond the saturation point The bubble is ex- 
panded by the vaporization of the thin layer 24 of 
the liquid formed on the wall surface 23 of the 
liquid cavity 5. Accordingly, a large portion of the 
liquid within the liquid cavity 5 is discharged into 
the vapor-llquid exchange chamber 6 by the growth 
of the bubble at a temperature sufficiently lower 
than the saturation point. The vapor-liquid ex- 
change chamber 6 is maintained at a temperature 
sufficiently lower than the saturation point, facilitat- 
ing the condensation of the bubble extruded from 
the liquid cavity 5 into the vapor-liquid exchange 



chamber 6. Further, the volume of the bubble gen- 
erated and grown in the manner described above Is 
virtually defined by the shape and size of the liquid 
cavity, regardless of the amount of heat. 

5 Compared with the heat-driven pump of the 

prior art, the heat-driven pump shown In Rg. I 
consumes less energy to produce a bubble having 
the same volume. This is because the bubble can 
be produced by heating only the small portion of 

10 the liquid to be vaporized Into the bubble. Further, 
the grown bubble is completely and quickly elimi- 
nated by maintaining the vapor-llquid exchange 
chamt>er 6 at a low temperaiture. Therefore. In the 
heat-driven pump shown in Rg. I, the ratio of the 

76 energy consumed for the pumping function vs. the 
total energy applied Is higher than that of the heat- 
driven pump in the prior art, namely, the heat- 
driven pump of the present invention has a high 
efficiency. 

20 Since the heat-driven pump shown In Rg. I 

requires less energy to generate a bubble than that 
required by the pump of the prior art, a pumping 
action caused by the production and elimination of 
the bubble is still carried out even when only a 

25 small amount of heat is applied. Furtherrriore. the 
volume of one bubble generated from the liquid 
cavity is almost constant with regard to the amount 
of heat applied, and thus the heat-driven pump 
shown in Rg. t can be operated with a large 

30 amount of heat by increasing the cycles of bubble 
generation and elimination. 

In the heat-driven pump shown in Fig. I. dif- 
ferent from the heat-driven pump of the prior art, a 
suction portion exerting a capillary function is not 

35 provided in the charging pipe 3, and a large flow 
amount can be handled by expanding the diameter 
of the charging pipe 3. 

The heat-driven pump shown in Rg. I can be 
installed in any position regardless of whether the 

40 tip of the liquid cavity is on a horizontal plane or on 
a plane which is perpendicular to or aslant of the 
horizontal plane, provided that bouyancy is exerted 
on the bubble generated at the liquid cavity 5. 
Therefore, this heat-driven pump has a greater 

45 freedom of Installation than the heat-driven pump 
of the prior art. 

The heating portion 4 may have the shapes 
shown in Rgs. 10 to 13. other than shown in Rg. I. 
Figure 10 is a cross-sectional view of the heating 

50 portion 4 in which the wail surface 23 of the liquid 
cavity has a configuration defined by a revolution 
body of a gradual inflection curve. In the heat- 
driven pump, the production and elimination of a 
larger bubble causes an increase in the changing 

55 amount of the liquid within the vapor-liquid ex- 
change chamber 6 and the vapor-liquid exchange 
chamber 6 is sufficiently cooled so that the bubble 
is completely contracted, and thus the pumping 
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operation becomes more stable and the amount of 
the discharged flow is increased. To generate a 
larger bubble, the amount of the thin layer 24 of 
the liquid must be increased. Therefore, as shown 
In ng. 10, the wall surface is slightly Inflected to 
increase the surface area thereof. 

Figure II shows a cone-shaped liquid cavity as 
shown in Rg. I having a small straight hole 23a, 
wherein the liquid In the hole is first vaporized to 
increase the volume of the -vapor. Further, the hole 
facilitates machining when the liquid cavity is 
formed by cutting. 

Furthermore, if the wall surface of the liquid 
cavity is made rough like frosted glass, or covered 
with fine particles, the liquid infiltrates into the 
roughened surface with the result that the surface 
area of the liquid film is increased, and thus the 
amount of vapor is increased. Also, the rough sur- 
face exerts a capillary function to facilitate the 
invasion of liquid into the liquid cavity. 

If the size is same, these modified liquid cav- 
ities in the heating portion can generate a larger 
bubble than the non-modified cavity, and the bub- 
ble fonmed extrudes further inside the vapor-liquid 
exchange chamber, since the size of the cavity exit 
Is same, and thus, a larger bouyancy is given to 
the bubble. Accordingly, the exchange of the liquid 
and the vapor is carried out very quickly, and the 
performance of the pump is improved. 

Figure 12 shows the exit 32 of the liquid cavity 
5 in the heating portion 4, with a plurality of fins .33 
provided at a part of the exit 32. The fins 33 are 
arranged at intervals such that a capillary action is 
exerted on the liquid. 

Rgure 13 shows the exit 32 of the liquid cavity 
in the heating portion 4. and a groove provided at a 
part of the exit 32. The width of the groove Is small 
enough to ensure that a capillary action is exerted 
on the liquid. 

These modifications assist the invasion of the 
liquid into the liquid cavity which causes the bubble 
contraction, and even when the pump is installed at 
an angle such that the tip of the liquid cavity points 
is slightly aslant of the horizontal plane, the bubble 
contraction is earned out. and thus the freedom of 
installation of the heat-driven pump is expanded. 

Another modified embodiment of the present 
invention is shown in Rg. 14. The liquid cavity 51 In 
the heating portion 50 and the vapor-liquid ex- 
change chamber 52 are communicated by two 
passages which pass through a condensation pipe 
53 and a suction portion 54 respectively. The con- 
densation pipe 53 is a thin wail pipe, provided 
within the vapor-liquid exchange chamber 52. 
transmitting the heat inside the pipe 53 to the liquid 
within the exchange chamber 52 adjacent to the 
condensation pipe 53. The suction portion 54 is 
provided on the border surface between the heat- 



ing portion 50 and the vapor-liquid exchange cham- 
ber 52 at the space other than occupied by the 
condensation pipe 53. and a plurality of fins 59 are 
arranged in parallel to the flow at intervals whereby 
5 the capillary function is exerted. The charging pipe 
55 and the discharging pipe 56 are formed as one 
unit with the vapor-liquid exchange chamber 52, 
and the ends of each of these pipes 55 and 56 are 
provided with an inlet-side check valve 57 and 
10 outlet-side check valve 58 respectively. Other por- 
tions are the same as shown in Rg. I. 

Rgure 15 is an enlarged cross-sectional view of 
the portion at which the heating portion 50 and the 
vapor-liquid exchange chamber 52 are commu- 
75 nicated. and the liquid cavity is filled with the 
bubble 20 and the vapor-liquid exchange chamber 
Is filled with the liquid. Here, the border surface 60 
between the liquid cavity and the vapor-liquid ex- 
change chamber is invading the condensation pipe 
20 53. The plurality of fins 59 prevents the invasion of 
the vapor-liquid border surface by a capillary func- 
tion exerted on the liquid. Accordingly, the bubble 
enters the condensation pipe 53 only, and at this 
time, the source of the bubble growth is the 
26 vaporization of the thin layer 61 of the liquid, as in 
the previous case. 

The condensation pipe 53 is sufficiently cooled 
by the liquid within the vapor-liquid exchange 
chamber so that the bubble in the condensation 
30 pipe is immediately condensed. When the bubble 
starts to contract, the liquid flows from the suction 
portion 54 to the liquid cavity, cooling the liquid 
cavity 51 and the heating portion 50. and therefore, 
the bubble is contracted further and the pressure 
35 inside the vapor-liquid exchange chamber becomes 
negative relative to the pressure outside, then as in 
the previous case, the outlet-side check valve is 
closed and the inlet-side check vah/e is opened, 
introducing the cold liquid from the reservoir into 
40 the vapor-liquid exchange chamber 52 and the 
liquid cavity 51 through the inlet pipe and the 
charging pipe via the inlet-side check valve 57, and 
thus the bubble is eliminated. 

In the heat-driven pump of this type, the bub- 
45 ble is contracted by the condensation at the con- 
densation pipe 53. and the pump, which is little 
affected by gravity, can be installed in any direc- 
tion. Further, the suction portion 54 utilizing the 
capillary function, is provided at a place other than 
so the inside of the charging pipe 55. and therefore, 
no obstacle exists which can restrict the liquid flow 
from the charging pipe 55 to the discharging pipe 
56 via the vapor-liquid exchange chamber 52. so 
that a large amount of flow is obtained. 
55 Rgure 16 shows another embodiment of the 

heat-driven pump shown in Rg. 14. wherein the 
suction portion 54 including the condensation pipe 
53 is located at the center portion, a plurality of fins 
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59 are arranged at the bottom and periphery of the 
condensation pipe, and a Kovar alloy ring 62 Is 
provided. The heating portion 50, the liquid cavity 
51. the vapor-liquid exchange chamber 52, the 
charging pipe 55, and the discharging pipe 56 are 
the same as in previous cases. The gap 63 of the 
condensation pipe 53 having an opening to the 
vapor-liquid exchange chamber, provides a direct 
passage for the main flow from the charging pipe 
to the discharging pipe, and thus the liquid flow by- 
passes the suction portion 54 and the condensation 
pipe 53, which are obstacles in the passage. Fur- 
thermore, non-condenslbie bubbles such as air 
foam, when mixed in the liquid, can be discharged 
without suction by the liquid cavity 51. and thus a 
problem such as an operation stoppage by foam is 
prevented. 

Figure 17 shows the condensation pipe 53 and 
the fins 59 in detail. 

Rgure 18 shows a variation of the heat-driven 
pump shown In Fig. 14. wherein the check valve 75 
is provided in place of the suction portion having a 
plularity of fins. The arrangement without fins re- 
duces the resistance to the flow, increases the 
amount of liquid flowing to the liquid cavity 72, and 
thus allows a bigger cavity to be provided. 

In the embodiments of the present invention 
water is used as the liquid. However, an organic 
solvent such as alcohol, methanol and acetone; a 
cooling medium such as ammonia, R-ll and R-12 
and a mixture thereof; a liquid metal such as mer- 
cury, sodium metal; or any other Icind of liquid 
wherein no solid matter remains when the liquid is 
vaporized, can be used. An appropriate selection of 
the liquid allows a variety of heat-driven pumps 
according to the present invention to be provided 
for various applications performed at various 
ranges of temperature. 



Claims 

I. A heat-driven pump for performing a trans- 
port of liquid by a function of bubbles produced by 
vaporization and condensation of the liquid under 
heating, said pump comprising: 

an inlet pipe; 

an inlet-side checic valve; 

a charging pipe; 

a bubble forming portion: 

a discharge pipe; 

an outlet-side check valve; and 

an outlet pipe; 
said bubble forming portion comprising a 
heating portion for receiving heat supplied from 
outside: a liquid cavity formed in said heating por- 
tion having a cross-section which is reduced along 
a longitudinal axis of said heating portion; and a 



vapor-liquld exchange chamber communicated with 
said liquid cavity and having a volume greater than 
a volume of a bubble extruded from said liquid 
cavity: 

5 wherein a bubble is generated and expanded in 
said liquid cavity by a heat received by said heat- 
ing portion, a discharge of liquid is carried out by 
the expansion of said bubble, an introduction of 
new liquid into said liquid cavity is carried out by 

10 extrusion of said expanded bubble into said vapor- 
liquid exchange chamber, and an elimination of 
said bubble is carried out by cooling said heating 
portion by the introduction of said new liquid, and 
accordingly, a successive pumping of liquid is car- 

75 ried out. 

2. A pump according to claim I, wherein an 
introduction of said new liquid to said liquid cavity 
is caused by an upward movement of a border 
surface between the vapor and the liquid caused 

20 by a bouyancy exerted on said bubble. 

3. A pump according to claim I, wherein, at a 
junction between said liquid cavity and said vapor- 
iiquid exchange chamber, there are provided in 
said vapor-liquid exchange chamber, a condense- 

25 tion pipe for facilitating an invasion of-a border 
surface between the vapor and the liquid, and a 
suction portion having a plurality of fins for facilitat- 
ing a capillary function to prevent an invasion of 
the border surface between the vapor and the 

30 liquid in said vapor-liquid exchange chamber. 

4. A pump according to claim 1. wherein, at the 
junction between said liquid cavity and said vapor- 
liquld exchange chamber, a condensation pipe is 
provided in said vapor-liquid exchange chamber for 

35 facilitating an invasion of the border surface be- 
tween the vapor and the liquid, and a plurality of 
fins surrounding the end portion of said condensa- 
tion pipe are provided for facliltating the capillary 
function of the liquid for preventing an invasion of 

40 the border surface between the vapor and the 
liquid. 

5. A pump according to claim 1. wherein, at the 
junction between said liquid cavity and said vapor- 
liquid exchange chamber, a condensation pipe and 

45 a check valve are provided in said vapor-liquld 
exchange chamber. 

6. A heat-driven pump comprising a vapour- 
liquid exchange chamber, one-way inlet and outlet 
valves communicating with the chamber, and a 

50 bubble-forming cavity formed in a heat-conductive 
body and communicating with the chamber, the 
cavity having a cross-section which decreases 
away from the chamber such that upon the applica- 
tion of heat to the body containing the cavity bub- 

55 bles are generated at the smaller end of the cavity, 
each of which grows by vaporization of the liquid 
until it reaches the exchange chamber whereupon 
it begins to cool and contract and the cold liquid 
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drawn through the inlet valve to replace that ex- 
pelled through the outlet valve by the Initial expan- 
sion of the bubble causes the bubble to condense. 

5 



10 



15 



20 



25 



30 



• 

3B 



40 



45 



SO 



55 



BNSDCJCtD: .<EP ^0251 664A1J _> 



0 251 664 




BNSOOCID: <EP 0251664A1 J_> 



0 251 664 




0 251 664 



Fig. 3 
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Fig. 10 




Fig. 11 




BNSOOCID: <EPJ_025ie64Al_L> 



0 251 664 




BNSCXXID: <EP 0251664A1_L> 



0 251 664 



0 



Fig.K 





BNSDOCIO: <EP 025iee4A1J_> 



0 251 664 
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